It has long been known that certain species of bacteria can form acetoin (acetylmethylcarbinol, 3-hydroxy-2-butanone) as a fermentation product of glucose (3) . However, little progress was achieved in elucidating the mechanism of acetoin formation until the study of Silverman and Werkman (14) in 1941. They found that crude extracts of Aerobacter aerogenes could form acetoin from pyruvate. Some 10 years later, Juni (8) resolved the crude acetoin-forming system of A. aerogenes into two distinct activities. The first activity condensed two molecules of pyruvate to give a-acetolactate, and the second activity decarboxylated the acetolactate to produce acetoin. Halpern and Umbarger (2) subsequently showed that the acetolactate-forming activity participating in acetoin formation was distinct from a second acetolactate-forming enzyme involved in the biosynthesis of valine and isoleucine. The degradative acetolactate synthase of A. aerogenes has been purified and studied by Stormer (16) (17) (18) .
In a previous publication (5) , evidence was presented suggesting that Bacillus subtilis has an acetolactate synthase probably analogous to the degradative enzyme present in A. aerogenes. The purification and properties of this enzyme are the subject of this report.
MATERIALS AND METHODS
Organism. Wild-type B. subtilis 746 was used throughout this study.
Medium. The standard minimal medium (pH 7.0) was that described previously (1) . Medium of pH 6.0 was prepared by changing the proportions of the monopotassium and dipotassium phosphates.
Growth conditions. Routine liquid cultures of B. subtilis were grown as described previously (1) . Cells used for enzyme purification were grown for at least two generations in minimal medium (pH 6.0) plus 0.2% potassium acetate at 37 C with moderate agitation. Cells were harvested by centrifugation in the cold, washed once with cold 0.05 M potassium phosphate (pH 7.0) plus 0. (20) and 1 ml of a-naphthol reagent (20 
RESULTS
Induction of degradative acetolactate synthase by fatty acids. It was reported previously that acetate and propionate induced synthesis of the degradative acetolactate synthase of B. subtilis (5) . In a subsequent study the relative effectiveness of most short-chain fatty acids at inducing enzyme synthesis was examined. Wild-type cells were grown for one generation in minimal medium (pH 7.0) plus fatty acids (as the potassium salts) at a concentration of 27 mM. This is the same final concentration as the glucose and lower than that used in the previous experiment. Crude extracts were examined for the pH optimum and specific activity of acetolactate synthase ( Table 1) . The most effective inducer of the enzyme was isobutyrate, and it was about twice as effective as acetate. Propionate, at this lower concentration, had only a weak inductive effect.
Enzyme purification. The degradative enzyme was purified from wild-type cells grown in minimal medium (pH 6.0) plus acetate for at least two generations. Cells grown under these conditions possess no detectable biosynthetic acetolactate synthase and show a high degree of induction for the degradative enzyme. (When a crude extract of cells grown under these conditions is chromatographed on hydroxyapatite under conditions identical to those described in reference 5, the enzyme elution profile reveals only a single acetolactate synthase peak, and it is the degradative enzyme [peak A].) A representative purification is presented in Table 2 . The final preparation showed a 12.6-fold purification over the crude extract. However, the specific activity of the crude extract was about 18-fold higher than that of crude extracts of cells grown in pH 7.0 minimal medium. Although the enzyme present in these cells, of a Wild-type cells were grown in minimal medium until the Klett reading reached 100 (red filter), and were diluted to give a Klett reading of 50 with fresh medium. The cultures were then supplemented with 27 mM (final concentration) fatty acids (as the potassium salts). Growth was allowed to continue until the Klett readings reached 100 at which time the cultures were harvested. Acetolactate synthase (ALS) was assayed in crude extracts. Specific activities are expressed as nanomoles of acetolactate formed per minute per milligram of protein. Specific activities were calculated by using the activity obtained at the pH that gave the highest activity (pH 7.5 for the minimal only and the 2-methylbutyrate extracts, and pH 7.0 for the others).
Little change in activity with pH.
course, is the biosynthetic acetolactate synthase, its specific activity in crude extracts is useful as a reference value from which to measure the extent of induction of the degradative enzyme. On this basis, the purified enzyme showed a 225-fold increase in specific activity over that of the biosynthetic enzyme in crude extracts of minimal-grown cells. Properties of the purified enzyme. The pH optimum of the purified enzyme was determined in both phosphate and acetate buffers (Fig. 1) . In phosphate buffer the optimum was at 7.0. In acetate buffer there was little activity below pH 4.8, but higher pH values gave a sharp increase in activity. At VOL. 121, 1975 The effect of various compounds on activity was examined by using assay II. When assayed in phosphate buffer (pH 6.5), 0.01 M isoleucine, valine, or leucine had no significant effect on activity. In addition, no stimulatory effect by 10 ,g of flavin adenine dinucleotide was observed.
On the other hand, activity was inhibited by sulfate and stimulated by acetate (Table 3) . Activation by acetate was greatest at pH 7 (Fig. 3) . In addition the Km tor pyruvate showed an increase to about 4 x 102 M. Figure 4 presents data showing the effect of phosphate and sulfate on kinetics when the assay was performed in acetate buffer (pH 5.8). In the absence of either effector some deviation from The approximate molecular weight of the purified enzyme was determined by gel filtration through a calibrated column of Sephadex G-200. The enzyme elution profile revealed a single symmetrical peak having a Ve/Vo ratio of 1.31. This would indicate a molecular weight of about 250,000 (Fig. 5) .
DISCUSSION
This work presents some properties of an acetolactate synthase from B. subtilis that is distinct from the biosynthetic enzyme. Because of the existence in some organisms of several other enzymes that can form acetolactate and/or acetoin from pyruvate as side reactions, it is worth pointing out properties of the B. subtilis enzyme which indicate that it is, in fact, an acetolactate synthase. Several investigators (8, 9, 15) VOL. 121, 1975 with the degradative acetolactate synthase of A. aerogenes: inhibition by sulfate and phosphate and activation by acetate (17) , and induction of synthesis by acetate (19) . However, the two enzymes do exhibit a number of differences. First, the most effective inducer of the A. aerogenes enzyme is acetate; isobutyrate has a much weaker inductive effect (19) . The B. subtilis enzyme, on the other hand, is more effectively induced by isobutyrate. Second, the purified enzyme of A. aerogenes exhibits a pH optimum of 5.4 in phosphate buffer (17) , whereas the B. subtilis enzyme shows an optimal pH of 7.0 in phosphate buffer. Third, the A. aerogenes enzyme obeys Michaelis-Menten kinetics only when assayed in acetate buffer; in phosphate buffer nonlinearity of LineweaverBurk plots is observed (17) . By contrast, Michaelis-Menten kinetics is o4tained with the B.
subtilis enzyme when assayed in both pH 6.0 and 7.0 phosphate buffer. In pH 5.8 acetate buffer, on the other hand, some nonlinearity of double-reciprocal plots is observed.
